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ABSTRACT SMMR data for the year 1979, 
1980 and 1984 have been analyzed to deter-
mine the variability in the onset of melt 
for the Arctic seasonal sea ice zone. The 
results show melt commencing in either the 
Kara/Barents Seas or Chukchi Sea and pro-
gressing zonally towards the central Asian 
coast (Laptev Sea). Individual regions had 
interannual variations in melt onset in the 
10-20 day range. To determine whether daily 
changes occur in the sea ice surface melt, 
the SMMR 18 and 37 GHz brightness tempera-
ture data are analyzed at day/night/twilight 
periods. Brightness temperatures illustrate 
diurnal variations in most regions during 
melt. In the East Siberian Sea, however, 
daily variations are observed in 1979, 
throughout the analysis period, well before 
any melt would usually have commenced. 
Understanding microwave responses to chang-
ing surface conditions during melt will 
perhaps give additional information about 
energy budgets during the winter to summer 
transition of sea ice. 
Determination de la fonte de la neige a la 
surface de la glace de mer a partir de 
données micro-ondes satellitaires. 
RESUME Les données de SMMR pour les 
années 1979, 1980 et 1984 ont été analysées 
afin de déterminer la variabilité de la 
fonte des glaces saisonnières dans l'Arcti-
que. Les résultats de cette analyse montrent 
que la fonte des glaces commence soit dans 
les mers de Kara/Barents ou dans la mer des 
Tchouktches et progresse zonalement vers 
la mer des Laptev. L'analyse a aussi montré 
des variations de la fonte des glaces de 10 
a 20 jours suivant les régions. Afin de dé-
terminer si les données de SMMR contiennent 
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des v a r i a t i o n s j o u r n a l i è r e s pendant l a 
pé r iode de l a fonte des g l a c e s de su r f ace , 
l e s température de b r i l l a n c e à 18 e t 37 GHz 
ont é t é ana lysées pour des données de jour 
e t de n u i t . Les tempéra tures de b r i l l a n c e 
i l l u s t r e n t l ' e x i s t e n c e de v a r i a t i o n s j o u r -
n a l i è r e s dans l a p l u p a r t des r é g i o n s a n a l y -
sées pendant l a pé r iode de fon te . Cependant, 
dans l ' e s t de l a mer de S i b é r i e O r i e n t a l e 
nos r é s u l t a t s i nd iquen t des v a r i a t i o n s j o u r -
n a l i è r e s pendant t o u t e l a pé r iode analysée 
(1979) , c ' e s t - à - d i r e avant l e démarrage de 
l a fon te des g l a c e s . Une m e i l l e u r e compre-
hensive de l a réponse des obse rva t ions 
hyperfréquence aux changements de c o n d i t i o n s 
de su r f ace pendant l a f on t e des g l a c e s d e -
v r a i t f o u r n i r des informat ions supplémen-
t a i r e s sur l e s budget d ' é n e r g i e de l a g l a c e 
de mer pendant l a pé r iode de t r a n s i t i o n 
e n t r e l ' h i v e r e t l ' é t é . 
INTRODUCTION 
The ablation of sea ice is an important feature in the global 
climate system. A knowledge of the spatial and temporal variations 
that take place in the surface albedo is essential for understand-
ing the energy balance of the polar oceans. These variations are 
especially critical during the transition from winter to summer 
conditions. The major change in the albedo during this period is 
the change from ice cover to open water; however, large changes 
also occur during snowpack melt. 
The first information on Arctic melt was collected from field 
camp measurements. More recently, broader scale analyses using 
satellite visible and infrared data have yielded more detailed 
results. These types of studies, however, are limited to cloud-
free periods. The use of passive microwave radiometery with its 
almost all-weather, all-season capabilities increases the spatial 
and temporal coverage for melt studies. Using these data, informa-
tion can be obtained to determine the onset of melt for the Arctic 
seasonal sea ice. The present paper will report on the initial 
dates of melt using SMMR (Scanning Multichannel Microwave Radio-
meter) data for the years 1979, 1980 and 1984. Diurnal variations 
will also be examined for 1979 and 1984 to determine if additional 
information on the snowpack during melt can be obtained from the 
data. 
MICROWAVE DATA 
The SMMR data used in this study are collected from two archive 
tape formats: CELL-ALL and MAP-SS. A complete description of all 
the SMMR data may be obtained from either Gloersen et al., 
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(1984) or the SMMR Data Handbook (NASA, 1984). The MAP-SS data are 
binned Into a 60 km grid and averaged for two data days, an inter-
val of 4 calendar days (SMMR only operates on alternate days due to 
power limitations on the Nimbus-7 platform). Gridded sea ice con-
centrations and multiyear ice fractions were collected from the 
MAP-SS data tapes for the years 1979 and 1980. The CELL-ALL orbital 
tapes are used to collect 60 km resolution 18 and 37 GHz brightness 
temperatures. These data are binned into the 60 km grids by the 
same methodology used to bin the MAP-SS data. Sea ice concentra-
tions and multiyear ice fractions for the orbital data are derived 
from algorithms described by Cavalleri et al., (1984). 
SlflR MELT SIGNATURE 
Using the SMMR-derived multiyear ice fractions, Anderson et al., 
(1985) showed that spurious regions of multiyear ice are observed 
in first-year ice regions of the Kara and Barents Seas for 1979. In 
addition, Anderson (1987) found the same signal for other regions 
of the Arctic seasonal sea ice zone for 1979 and 1980. Both studies 
concluded that these spurious areas are not the consequence of ice 
advection, atmospheric effects, or the draining of the brine, but a 
result of surface changes being detected by the algorithm used to 
derive the multiyear ice fractions. The surface effect causing the 
multiyear ice "melt signatures" appears to be related to the snow 
cover. During melt, two possible explanations can be given: the 
first would be an increase in the grain size, which will increase 
the internal scatter and reduce the emissivity. The other, giving a 
similar effect, would be the accumulation of melt water at the 
snow-ice interface. The present paper continues the analysis of 
melt signatures for 1984, and compares the results with 1979 and 
1980. 
The melt signatures derived from the SMMR data are first observ-
ed either in the Chukchi or Kara Barents Sea and over several weeks 
progress zonally towards the central coastal region (Laptev Sea). 
There are small variations between the years. In 1979, melt is 
first detected in the Chukchi Sea and then several days later in 
the Kara Sea. The pattern is reversed in 1980 and 1984 with the 
Kara Sea showing the first signs of melt. 
The initial date of the melt also varies with location. The 
Kara Sea melt signatures all occur within a ten day period. The 
earliest year, 1980, shows melt starting on 29 April, followed by 
4 May in 1979, and 8 May, 1984. A twenty day variation occurs in 
the Chukchi region with 1979 being the earliest year. It should be 
noted that in 1984 the Chukchi Sea location contains real multiyear 
ice. The melt occurs when the fractions drop to zero. The other 
studied regions vary within these extremes. 
The timing of the melt from the passive microwave data corres-
ponds well with the melt patterns derived from satellite visible 
and infrared imagery (Robinson et al., 1987). Both data sets 
report an earlier initial melt date in 1979 than in 1984 for the 
seasonal sea ice zone. An expanded visible and infrared data set 
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for 1979 and 1980 was also collected for the Chukchi Sea (Robinson, 
1985, pers. comm. ) • Comparing this data set with the microwave 
reveals that the microwave melt signature occurs 8-14 days earlier 
than any melt changes detected in the visible and infrared data. 
This would be expected, since the microwave data are interpreting a 
change in the snow layer which is not observed from the visible or 
infrared imagery. 
DIURNAL VARIATIONS 
SMMR brightness temperature time series are produced to determine 
if additional information could be obtained about diurnal snow 
conditions during the winter to summer transition period. These 
time series separate the brightness temperatures by the day/night-
/twilight flag supplied with the CELL-ALL data tapes. The flag is 
determined by the illumination of the spacecraft and field of view 
(FOV). The day flag is assigned when both the craft and FOV are in 
sunlight. The reverse condition sets the night flag. Twilight is 
set when the craft is illuminated and the FOV is in shadow (Gloer-
sen & Hwang, 1985). For the regions and years analyzed only the day 
and twilight flags are observed. 
Preliminary analysis of the time series shows interesting varia-
tions between the day and twilight data sets. For example, in the 
Kara Sea (Figs. 1 and 2) the brightness temperatures in the 18 GHz 
horizontal channel exhibit large differences between the day and 
twilight data. [When comparing day/twilight brightness tempera-
tures, caution should be used to compare only days when there are 
two observations. In the figures, lines are drawn between observa-
tions to show trends. ] The twilight brightness temperature is 8 K 
colder than the day temperature on Julian day 122 in 1979 (Fig. 1), 
just before the melt signature. A similar situation occurs in 1984 
with a 15 K difference on Julian day 124 (Fig. 2). Before these 
large variations are observed the brightness temperature differenc-
es for both the 18 and 37 GHz channels are only a few degrees (1-3 
K) and when there are differences, no preference is shown between 
either the day or twilight period. The calculation of sea ice con-
centrations is also affected by the large day/twilight differences 
because the 18 GHz frequency is an input in the algorithm. However, 
there are no significant changes in the multiyear ice fraction, 
since the vertical polarized brightness temperatures did not 
change. Unfortunately, the archived data does not separate the 
brightness temperatures between the day and twilight periods after 
the large differences discussed above. 
Differences between the day/twilight brightness temperatures 
are also observed in the Hudson Bay region (Figs. 3 and 4). These 
differences are much harder to analyze because of the poor spatial 
coverage of the SMMR sensor resulting in fewer days with both day 
and twilight observations. The brightness temperature differences 
are also small before the melt signature, as was the case for the 
Kara Sea. The larger variations are observed after melt has com-
menced. In addition, the variations occur in both the 18 and 37 GHz 
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FIG. 1 Time sequences of 1979 
day (D) and twilight (T) bright-
ness temperatures and percent 
coverage of sea ice concentra-
tions (solid line) and multiyear 
ice fractions (broken line) in 
the Kara Sea 
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ness temperatures and percent 
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channels and have differences as large as 25 K. These brightness 
temperature changes are also apparent in the calculation of multi-
year ice fractions, resulting in 15-25% differences between day and 
twilight, while sea ice concentrations exhibit much smaller 
variations. 
On the other hand, the 1979 East Siberian data (Fig. 5) shows 
10-15 K differences in the 37 GHz channels and 5-10 K for 18 GHz 
between the day and twilight data throughout the spring/summer 
transition. These occur well before any melting would even be con-
sidered to have commenced. The differences all have lower twilight 
than day temperatures. During this time period the sea ice con-
centrations remain constant, since both polarizations in the 18 GHz 
are changing in the same manner. The multiyear ice fractions, how-
ever, reflect large changes (20-30 percent) between the day and 
twilight data. This is caused by the 37 GHz vertical channel vary-
ing more than the 18 GHz vertical channel, thus decreasing the 
gradient ratio. The 1984 data (Fig. 6) also exhibit large differ-
ences in the brightness temperatures. These values are, however, 
not dependent on a particular time period. For example, the twi-
light brightness temperature is 13 K higher than the day tempera-
ture on Julian day 84, while on Julian day 90, the day temperature 
is 6 K higher than the twilight. Other observations also show no 
difference between the two periods. The only systematic difference 
seems to be in the horizontally polarized 18 GHz data. 
In attempting to explain these variations for the different 
regions one must be extremely cautious. Currently, conjectures can 
be made with other field, laboratory and theoretical studies to 
possibly help understand what is taking place on the ice surface. 
Several possible explanations exist. The obvious one would be the 
diurnal effect of the melting snow cover. Field work has shown 
that during melt the brightness temperature will rise from increas-
ed liquid water in the snowpack during melt from internal 
absorption of the radiation. At night, the liquid water will 
re-freeze and the brightness temperatures decrease (Rango et 
al., 1979). During the re-freezing the crystal sizes would 
increase if enough liquid water is available, also decreasing the 
brightness temperatures. Depending on where the melt is taking 
place in the snowpack, layering of different crystal sizes can be 
found. For multi-year ice, Matzler et al., (1984) determined 
that layers in the snowpack caused by different grain sizes change 
the emissivities in the horizontal polarized channels, while the 
vertical channel remain constant. Stogryn (1986) also claims that 
layers in the snowpack over land will reduce the horizontal 
polarized brightness temperatures, but the 37 GHz frequency should 
exhibit greater changes than the lower frequencies. This type of 
pattern is observed in the Hudson Bay time series. The Kara Sea 
case, however, only has a large change in the 18 GHz horizontal 
channel. Over sea ice, Kim et al., (1984) have found small 
accumulations of water at the snow-ice interface which cause large 
changes in the microwave response compared to snow over land which 
allows the melt water to drain out of the snowpack. 
The layer from which the passive microwave emanates during melt 
may also influence the interpretation of the day/twilight diffe-
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retices. During snowmelt, this layer is only 1 cm for 37 GHz 
(Hallikainen et al., 1984). Therefore, when melting is taking 
place at the top of the snow cover, the microwave signal is res-
ponding to the liquid water at this level and not other changes in 
the snowpack. For example, if the ice were flooded beneath the 
snowpack the brightness temperatures would be low. Then solar 
radiation initiates melt at the top layer of the snowpack giving 
rise to a much higher brightness temperature. At night, the melting 
ceases and the brightness temperatures drop back to the original 
temperature of the flooded ice, producing a strong diurnal cycle 
even though there is no significant change in the snowpack. 
The systematic changes in the 1979 East Siberian time series 
raises the concern that there might be a problem with the calibra-
tion of the data between the day and twilight periods for this 
region. An example of a calibration error would be the colder sea 
surface temperatures found in the North Atlantic due to the warm-up 
period of the SMMR after the sensor is turned on (Njoku, 1985). In 
the present case, if this type of error is the explanation, all 
subsequent years should show the same characteristics as 1979 un-
less there were a change with the sensor. The 1984 data, however, 
do not exhibit the same characteristics. It is also unlikely that 
surface variations are the cause of the diurnal fluctuations in 
L979. Therefore, no conclusion can be given at this time to explain 
the systematic changes that occurred in 1979. 
CONCLUSIONS 
The SMMR-derived melt signatures can be used to determine the 
variability in the onset of melt in the Arctic seasonal sea ice 
zone. During the three years studied; 1979, 1980 and 1984, the 
earliest date for the onset of melt was in 1980, with the exception 
of the early melt along the Alaskan coast in the Chukchi Sea in 
1979. The study of these microwave derived melt events can perhaps 
provide an index of interannual climate variability. Understanding 
these variations that take place in the onset of melt then can be 
applied to climate models to give a more representative picture of 
the Arctic during the spring transition period. 
Additional information about the diurnal effects of the snow 
cover can also be made during the melt progression. Several explan-
ations can be given for the different variations in the brightness 
temperatures found between the day and twilight periods. To under-
stand more fully the different brightness temperatures between the 
two time periods, field studies need to be conducted on the ice 
surface. In addition, future work should include determining the 
exact local time of the data for each satellite pass. This might 
give more information, but the spatial coverage of the Nimbus-7 
SMMR will still limit its usefulness. This type of research can be 
conducted with proposed new sensors, such as the DMSP SSM/l, which 
will give more complete diurnal coverage on a daily basis (The DMSP 
platform does not have the power restriction of the Nimbus-7). 
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In summary, additional information is contained in the bright-
ness temperature data when they are separated by the day/night/-
twilight criteria established by the spacecraft FOV. Interpreting 
the different variations especially during melt is not completely 
understood at this time. However, this new information does raise 
the question, especially for the East Siberian Sea regions, of how 
well are the general algorithms calculating sea ice concentrations 
and multi-year ice fractions when the data are averaged over a 
three-day period. On the other hand, monitoring the differences 
between the day/night/twilight data may produce a quality control 
feature which can be incorporated into the algorithms during the 
melt season. Understanding these diurnal variations will perhaps 
give a better overall knowledge of the different stages of melt on 
sea ice surfaces. 
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